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(54) POSITIVE ELECTRODE MATERIAL FOR NONAQUEOUS SYSTEM ELECTROLYTE SECONDARY BATTERY. 
POSITIVE ELECTRODE AND SECOND BATTERY 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an nonaqueous system electrolyte secondary battery which is high in a 
property for rapidly charging and discharging, and excellent in a cycle property and a property for preserving. 
SOLUTION: The positive electrode material for the nonaqueous system electrolyte secondary battery, which has 
sulfur atoms on its surface at least contacting an electrolyte, contains the sulfur atoms in the range of 20-350 
mol/g when the positive electrode is formed. The positive electrode for the nonaqueous system electrolyte 
secondary battery contains the positive electrode material and a binder. The nonaqueous system electrolyte 
secondary battery comprises a negative electrode, the positive electrode and the electrolyte in which a lithium salt 
is solved by a nonaqueous solvent. 
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F , xf-ypro l^y^ F y Xyl'7 H . 5^7 X xyw h y ;^ 
yl^7'f F\ p{f-yl^7xxywhyxyl'7-f h\ xf-y>7x 
xyp h y xyW7 F , i^'^^-y s^'yu F y xyU7 -r F , ^y 
-j)V>i i-iv F y :^yi'7 f > ^y xVi'X^yp f y ;^yP7 
F, '<.y>?yU7xxyUFy>^yU7-f F. ryyl'7xx 
IVY VXlUy A Y^<r>mikhVX)Uy F : ir F7b F 
nf-3j-7xy, T-F9bFO^:t7xy-3-:ty. X 
F5bFa^5rt9y-3-?ry. xF7bFaf-:ttr 
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9y-4-^y^ 1. a-i^i-it^y. i, 
-Jf-^vy. 1, i. 2 

3--J^Ty. 1. 3. 5-M/f-T 
2. 2' -h'f-:t7x:^, 3,3' -t>3j-7x 

y. r-hyi-ry/w^i'y. ^yv^^V3.y. i/^y 

Vf-:t7x>'. 1. 4, 7. 1 0-T-h^f-Tv'rJ'nx 

^9ify'^is-)V^ Y'ffiy'i-:^-)V^ K.y^y^^^ 

XJ^^U'<>y-fe':xf-2i--/l'. 2 - 1 Hcj^f i^XrJ'yf-jf- 
;K P-bHndf5^'<5^Hf:x^:t-/K 1. 2-aii^y 
>'*-f:t-;K 1. 3-To>'s->'v^^7j--;P. 1.4-7' 

7xx;K ^:tifS5S-hU/K -?-^Pi?S-^y>'' 

-x-f^;K f-:t7'ot;:t:^Ks-7'at;K f-si-rnt 
^rnt^:tyKS-Ti^;K ■f;trntr*>'StS-7x 
S-'^yx/K ^Jti&ISS-;Xf-;K ^^tiSKS-x-?^ 

/Ws ^:t3c,&#lgs-^f-;w. ^3i-^,&#i!S-Xf- 

/K ^:t3c.&#KS-7xX7K ^Ji-^ASKS-hU 
/I', i'^'S:^mkS-^yi?)\/^aymk^:^ii)Vifsyil& 

h V. c - vf^:i-;j&rn9 h yW^Wki^'f-:*^ ^ 

Y y : v^^ftS! s -x^/u. ^-'^Jte^Bt s -ro e 

i^'^^KSS-Tv-yK >''f-:tP®|S-7x^;K 

at3r:^Ks-p<f-/K j^'^TrruejryKs-xf- 
^i:T'Q\i^y^s-=fi/)V^ £^f'3j-roe3i->'Rs- 



T^v-yu. i^>3j-SB?s-:7xx;u, i^'^^j-SKS- h u 
;K i'>3i-^,R#B!S-x^/l'. i^>:t3c,&SB?S-r 

,f.«KS -^yi^Vt^cofflfttOi^'^^J-Xr/U^Jf^-Kxx-r 
;U : ^:4-l!!B!S-^f-;uo-^^;P. ^:tKB!S-x^ 
/PO-xf-^u. ^ji-KKS-^^;UO-xf-;W. -^:ti^ 
i!S-x^yl.O-^f-;l^. f-5r^i!S-rntf;PO-r 

;K ^:ti^B?S-7xr./l.O-^f-;W, ^:^]im.S,-yt- 
f-;l^O-:7x^;l^<0ii(1^f-:t^KxxT;U : i^'^:t^ 
SS-^f-/PO-;><-?^;K i^^3r*I^S-xf-;WO-x 
i^'f>3r^l!S-p<^;UO-x^;^. i^'^^fKSlS 
-xf-;UO-^^;U. y^it^S-T-ot^/WO-ra 
e/p, >''f-3i-Kits-p<^;^o-r^t^;^. i^'^jj-litg! 
S-rne;l/0-^^/K -J&ittms-f^iVO-':/ 
^)V. J^'f•?^^l?s-:7x-/^o-p<^;^, s^'^^r^g? 
s -fypo - 7 X -;i^<^®[*^>''f-:5r^®txx-f ;w : 
hy^3r^Bti/'^f-;K bU^:t^ltJ^x-?-;K MJ^ 
5j-^X^;M^;K hyf-:t^K?>fX^;l', hU^:t 

^^hUf-^^Sexxx/P; 1, 3-i''f-jr7>'-2-^ 
:t>', 4-p<f-;u-i. 3-i^^^'^y-2-i-:^y. 

4-xf-;P-l. 3->''f-it7>'-2-f-3}-y. 4-37 
xx;l^-l. 3->'>:t^>'-2-^^y. 4, 4-^ 

3->»f-:t7>'-2-f-Ji-:x, 4. 

3--Ji-^yy-2-i-:^y. 4-t-;l^ 
-1. 3->^^7r7>'-2-^:t>'. 1. 3-i^*^3j-- 
/W-2-^::4-y. 4-7x-;W- 1 . 3 - 
2-^:ti^. 4-->tf-;U-l. 3 -5^^3j--;l^- 2-f- 

1. 3-v''f-r:^-2-^3j-y, 4-^f-;W- 
1. 3-i^'f-Ty-2-f-34->'. 5. 5->f;><f-;l'- 
1. 3-i^>r:^-2-^3t->'. 4, 6-i^*-Xf-;l^- 

1.3- -J^ry- 2 h y f-:t^x 

i. 3-:^^^^it=7y-2-^^y. 4-->f 

^/P-l, 3-5|-^-9-^:i-5>'-2-^3i->. 
;U-1. 3-:t=^1^f-Ji-5>'-2-f-:t>'. 4 -X^/U 
-1. 3-:*'af9--f-3i-9V-2-f-:t:^, 4-7xX;U 
-1. 3-^=^r-9-^3i-^>'-2-^:t:^, 5-7xX;p 
-1. 3-:^^^i-^yy-2-^:^y. 4. 4-i^*^ 
-?-;^-l. 3-:t^1?-f-:t7:^-2-^;i->'. a, 5- 
-Jyi^)i'-l. 3-:t^-9-^3i-9>'-2-f-^>', 4- 
b'xyp-l, 3-^df-9-f-?r^y-2-^3r>'. 1. 3 
-:t^1?-^Jt-;W-2-^:+>', 4-7xX;l,-l, 3 
-:t^-9-f-^-;p-2-f-:t>'. 4-p<^/l^-l. 3- 
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^^•*^f-:t-/W-2-f-:t>'. 1. 3-3rdf9-f-r>'- 

2— ^:ty. 4-^^;l'-l . 3-:t^1f^T>'-2- 

1- :^y. 6->^;U-l, 3-:t^-»^^r>'-2-f-3r 

5, S-i^'-Xf-yU-l . 3 -3i-'Sf'9-f-T>'- 2 -f- 
4. 6-i^'^f-;P-l. 3-:*=¥-9-^r>'-2- 
^:t>'. 1. 3-i^^:t^y-2-:^y^ 4-^f-;W- 
1, 3-i^'f-:t7>'-2-;4-:^, 4-X.^JU-l, 3- 
5^'f-:t7y-2-:t>', 4-7x-;P-l. 3->'f-?f 
4, 4 1 . 3->^f-:^9 
>'-2-:t>', 4. B-S^'^^yP-l , 3->''f-3t-9>' 
-2-3j->, 4-h'ri;l.-i, 3-i;^^yy-2-:^ 

1, 3 -i^^:t-;W- 2 4-7x~;U- 
1, S-i^^^-;V-2-:ty. A-^^li'-l. 3- 
>''f-:t-;P-2-:t>', 1. 3-'Jf-Ty-2-:^y. 
4->-f;P-l, 3-x^r>'-2-:ti'. 5. 5 -'J 
3->f^Ty-2-yty. 4. 6->f->t^ 
/W- 1 . 3 - i^'^T 2 - 5ry^<7)^*^ i^'^Jj-^Kx 
::^x;>^: 1. 3-:t^-9-^3f 5i^-2-3i->', 4-^f- 
/I'-l. 3->l-^1ff-3}-7>'-2-:t>', S-ptf-yU- 
1 . 3 -:tdf'9-f-:t7>'- 2 -:^y. 4 -Xf-;W- 1 . 

3- :^^^^::i-yy-2-:ty^ 4-7x-;l'-l. 3 
-:t^1f^3i-^>'-2-:t:^. 5-7x-;W-l. 3- 
:t^1^f-:t5>-2-^>', 4. 4-y^f-/P-l. 3 
-:^^'^^:^'^y-2-:^y^ 4. 5-i?^^)V-l. 
3—^^-^^^'7y-2-:^y. 4-b'ci;P-l. 3- 
5r=^'9-f-5r9>'-2-:ty, 1. 3-:t^-9-^:^-;l^- 

2- :t>, 4-7x::.;W-l. 3-:^^-^^:^-)V-2 
-:tl^. 4-^f-;l'-l. 3 -3j-df9-f-:t-;W- 2 

V. 1. 3-:^^^^Ty-2-:^y. 

1, 3-:t^1ff-Ty-2-:t>', 6-^f-;U-l. 3 

-:t4E-i^f-T>'-2-:*i^, 5. 5-i<''-Xf-;U-l . 3 

-3t^'9-f'r:^-2-:ty. 4. e-i^'-ptf-yi—i . 3 

[00 30] iini.<^)4». ««?!SBlx;^x/K mtV^ 
•^A. li^JSKxx-ryp, il*U/U^>'KxA-r;l', 0 
^^::fxjV'7tym:r.xf-/U. ^x/W;^ yirxx-f/P, 
IS^^xyP;}::^. «1^;l'7r'f ^ 

^lftSlx>^-r/P, ii^^Mlf-^^x^T/K amhU 
"?-:tKKx:^x;W. ^v'*^:tKilx:^7^;W. Sltt^jT 
iJJS!x^x;l^»iL<. !Hp{c, 0«fiSEKxxx/i', 
KU^'^'A, eM^;:?.;W^.yKxxx;W. giHie^/U*^^ 

[00311 ^fe, C:n<?><^Kil^|i^{S-SijLl:fflV^ 



mma. mzmM^ti^j:^^i}i. ^ ( i ) (D^mt^R 

)Vij-if^:^-Y. >^x^;U;)5r-d<^-.- h , i^'-n-Tn 
e;l';>&-;K^-h, x^/M^yU;^-.-K^-h^<Oj^r 

xh7b Hn:79y. 2-;><f-;WT-h9t Hn7 7 
>'^iOSi^x— r/U. j^'pt hdfv'x^':^. i^'^h^fx-?< 
:?>IP<?>«<«x-x;P. TnesJ-i^Blx^ 
;i^«o«4^xx-r;i^**»* Lv». lin:. mfii^^tc 

[003 21 S?h«®iaStt80~3 0 0'C. «F*L<{i 

9o~2 8o\:7&5MiLv^. so'ciOffiv-via^'ctias 

0, *^HBOS6«**/h$<'5:-&. *:^v:, 3 0 0°CS:jlSi. 

&iarc«, 'm\zm\:.xm\^t:.mim. wm. mm. 
[00331 ( ^wRxmm-thwmiiZ 

r-^^L'n^^J'h^'^Olg^^xXT";!^. 
K^^/k, rnif5r>B!^^;i^og(^xxx;Ha. x 
h9tl<n79>', 2--Xf-;Wxh9t Fn79:^. x 
h7bKae7>^^x-x/PS. i^^h'^fxx^' 
i^'^h^i^^^'>'^cOi®:t^x— r/Mi, X/t'*^ 

[ 0 0 3 4 ] X'^^:mmi3\ r)v^ u ym<7)mm. 

1ii2—4<r>T)V^VyA-Tf^^- h*»ib^S8f*»4>3!tf 
h i: , TiV^ii^mmifi 1 -^4 

h t $:-en-eii2 0^i%m±^*L. 
[00351 TIV^ V ym.<nifiMWf' 2 ~4 <DT)V^\y 

yij-if'.^—Y<r>m^mk.\.x\t. m7L\t:x^'f-Vyfi- 
if^^-Y. irxx\i\yyi]-if.ii^-v . -f^vyfj-ff-^f^ 
-V^^mfh^>:.i^X%^ ;iilh<D'P. xf-W'>';&- 

1 ~4 X'hh i^T)U^Ji':fl-^^^'- 
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xf-;W- n -r D t:;WX^-;Jf :^- h^Sr^^f S i i: J&<t- 
LTt>J:V^. 

[0036] mz. $¥7mmzit. X^Uy;^;-;!?:^- 
hXJirotf Wy7&-;Jf:t— hS: 2 0 Sfi%JiLli-§-^r-r 
S«fi£-C*-St)CO*Witvv i/.:xf-W>';>5r-;K^'>- 

*58«f 7 0m»%mT. »*U<«. 5 0fi»%mT 

miimzfm^ti^\>\ musL i c i o, . l i p f 

6 . LiBF4 )5»/c>a{fiXl.l!i«U^'>AJg-^Li CP 
3 SO3 , LiN (CF3 SO2 ) 2 . LiN (CF3 
CF2 SO2 ) 2 .Li N (CF3 SO2 ) (C4 F9 

SO2 ) , Lic (CF3 SO2) 3 m<M^y''/m^ 

»;^'>Alg$■fflV^^ri:A^T't=S. tf'T'tLiPFe . 

[0037] vmm'p<r>mm<DV ^'^/.s^yi^agti. 

0. 5~3. 0=f:}\^XV •yh)UTh^ZtimtL\<^, 
0. 5^;^/U>y h;l^}fltL<(i3. O^/l'/Uvh 

nm<^mAbLxii. vi-^j^^mMsa/tkiatn^^ 

b txii. mttim^j:m^m^nx(omm<^.^ 

^ comm-^WzBm^^^^ y ^(r)^WLmm(>zx o x 
sm^ti^/^^m^m/izm^it^ y 7 x-xw^f^j. 

[0038] ;iti^<om^i^9m^mii. ^mi>zx i> 
xmmmx^ibt^mm ( 0 0 2m) (^am (mms. 

m)iiO. 335—0. 34 nm-CS>Stc7)**ifiL 
<. 0. 3 3 5-0. 3 37 nmXf)li><r>i)<^*)Mt 

£)5^mms%mTt^*s<7>*«ff*L<> 0. 5 

xt>h<7)i!}<mzntL\\ tti. ^mizx?>xmmm 
x^ifitim^B'f^^ X { L c ) {4 3 0 n miiitxh h <r> 

tl^mLK. 5 0nm]:XtX'hi><OtliJ:*)MtL<. 1 
0 0 nmt!X±.Tf>i><7>timtzmt Lv>. 

[00 391 *!/;:, u-^-mm m.mizxhetmn 

W>^i^Tymit. 1 — 1 0 0/zmTj>SiO**Sf* L 
<, 3-5 0xnnJaT-e*>$iO*<J:OifiL<, 5-4 



0//mt'J>S<r)*^{Cif*L<. 7 — 3 0/imT'S>l><0 
7&«lf LV^. BET^itasaJi, 0. 3-2 5. 
Om2 /g-C'*)I.O*«»*L<, 0. 5—20. Omz 
/gT*^<O*<J:0»iU<, 0. 7-15. Om* / 
gTfc-S.O*iSt»* t<, 0. 8-10. Omz Xs 

-3t?rfflV^;t7'r>'X'^^' hyk»-«f(ct5V^T ,15 8 0 
-1 6 20cm-i<0«EiBcOlf-:?'PA (^-^5$^ 
I A )&t^l 3 5 0— 1370cm-ic7)IEi|iOt:-^P 
B (e-^'3SJglB ) 05$iKitR= Ib /Ia {iO— 
1. 27&<ii?*L<. 1 58 0— 1 620cm-i(7)a5HO 
t-^'C7)^ffl«@«2 6 cm-iiaT, !ftl=2 5 cm-i^T 
X'3bh<r)ti^n^b^\ 

[0040] Zil(><D^nVliHzVi-'yj^t:mi-tktii 

-sim'knmmi:mizm.^Lxm^^i>zbi>x^?>. ^ 
mim-<^oi-^j^i:fm • mm^m^nrnttb lx 

[0041] m«ioSS^t:^{^-:>v^T{±. s^tcRS^^ix 

mzm^\^xiy-Yn^b\^tz'o . y'u:^m.m^mLx 

itt^(r>^xnmz1mi.\^'^\^b \^oi^b ^x hco^S** 
[0042] 2|s:5|Baom?fi(C<5lffl-fl>-fe>'N'l'-^'-<7)*f 

7 yi:mnb'ti,^ji^>'- hx^^a^p^Srfflv^^ 

[0043] ttz. ^t&<m^iZ':>\,^Xti^izm^^ti 

-f. >'-hm^X/-t/^ly-:!'i:XJW7fUmzLfzi^ 

[0044] 
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( 0 0 4 5 ] i^i, KH^^r* (iEffi*St»-«ffi) <i. 
m 1 . iSK'fbKSg* (ai!^;4<«-i-fi3 0£JI%) 1 m 
■^^y/UWH MLS-l 200MEGA) $'fflV%, e 

iiji i^m^mi^^ryX'7-m=F^^-ii-Vr) i r i 

RfV'CV-H, 1. IkwfcLTt. 

[0 04 6] (mmmi) jEWs^mbLXLicoo 

-7tiyy^"/^es&^. n^vy -yit^^'-VTyKF- 
100 0 (mat^mm. msb^) 9m&.mMx.m-^ 

N-p<f-;P-2-eny H>"C^giL. 
i: L3t t OS-iESimilf'ItT'^) 2 0 ju mcr,TJU S 

SSI 2. SmmcORSStttCfl-^ftV^TiEaikUJt. 

[0047] tr. xmrnm^zisif^hm^ 

H (0 02®) <Odffi)&<0. 336nm.fB^^^X 
(Lc)*i. lOOnmJiLh (6 52nm) , JiR^J-*J 
0. 0 7fi»%. l'— r-HISf ■iJ[SL^{C<J:4^>''TV 

S*n2A£m. BETSimHm*«7. 5m^ /g. T 

dZtSUXl 580 — 1 6 20cm-i<7)ffiH<oe-:?'PA 
(e-:^3SSIs ) Xl/fl 3 50~1 3 70cm-iiOffi 

Hc^t-:?PB (e-^5SSl8 ) <7)gsj^R= Ib / 
I« **0. 12. 1 580— 1 620cm-iO®H<0t 

-:^<0¥ffli*<l 9. 9cm-»T*>S5?*SIIIB»5l5NG 

-7 (RiBawb^tts?. ffiia^a) 9 5SjiaJt=;Ky7-y 

It^'-Uy'ysmmM^m^L. N-^-f;U-2-en 

fc5J?§ 1 8/xmcoiH?S±tc%-tc^U. Hattm. it 
SI 2. 5mmOP3Sm{C;fT*>feV^Tmffii: t-^c. 

[0048] in^iKtc-pv^TJi. 9mrjuzfynmfif.T 

X\ +^J"tCia!iSrfi=->7ty^7 y-fb'J :^K'Jf-'>i^ ( L i 
PFe ) S:IS«i:UTfflV\ x^Wy/r-;Jf:^-Vi:i; 
x^;^;^-,-K^^-^^D^■^ ( 3 : 7^ajt) 1:L i P 
Fs ^l^/P/U-yh/K^Sq^-C^jgLTliSLyt. CI 

h:^7'yuxfsm</)imtzjEm^iRmb. ^eo±tzm 
mi'tii^itf::n(V:c^l^y9l(0-^/-iU-^-^it LX 



tS-, imm(r>:ff^^yhi:itLXi)^UbxmtL. 3 

[0049] (ib«^l ) jEffivg!H!r«i:LTLiCoO 
2 *'eo*ifflV^^^.Ii:m{illJfiMlfc|iI«tcUT3 

( jtR0ij2 ) mmm(omMiznL2m&%(^ i . 3 -r 
[00 50] i^. i^^Lt:ziy(ymmmzt3\.^x. mm 

miz-^ttii, 1 . 3-TaJ-^yxjuhycOiEmiS^mz 
WSffJ^fi. 5~6a«%tfiS$ilS. 5~6Sfi 

^h-bK ^mmtLX\i-'^^z-rh:Lti)iXt-^j:\,^tz 

(SI*fiW2) iEffi^g!BjSi:LTLiCoOj 8 5fifi 

mz^-:!i(yf=7'yp emms^. Ti^vmy y-niP^^uy 
^KttT -f ;^>'^•-i^'3 yi:wm-^t tx 9mSi^^mtm 

-&L:^v:t<0$-iE^««s-C'S>SJ¥$ 2 0//m<or/P$^ 
n^A?S±K:%-l:M^et, ES12. 5mmO 

P3SS^^{cfT^fev%7^:. ci/tS-. ^2tcieK<7)?§?S(criit 
Ltitk. 25^*2 5 O-CTflMLf^tiOSriElii; 

c: t w&hummi 1 1 mmiz lt 3 >f ymmm^rim l 
[005 11 (imm3)iEmttx.m^.mk^n 

•o^tOSr. '?-co^^^4'2 5 0X:'CI?&JJ!iat^ii: 

iMmsm 1 - 2 mjmm 1 - 3 x-f^ L^m?f6* , 

2 5rt:t>V^T. 0. 2Cc0^gKT^E©l|jI:mE4. 

2v. i5i«iii±«a2. 5yx'^tmMi:fT'yt:, m 
if^xmfEmx^?>mmMt:mL, 0. 2Cfc«-e<o 

l/5<7)miSEffi> 2Ci:(ilCcO2fS<7)^0S:a-r. 
[0052] 'eii-ffLCOl8mtc*3{tl.Aft?^imH$* 

[00531 

[SI 1 iSfl?^flS:ii*tit^ (%) = [ (2CffliESj|) 

/(O. 2CiiSc«W4) ] XlOO 
[0054] 
[^11 
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^2 
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(nolA) 




(96) 


1, z-'rn)\>7sn^vim:^WL 


0.5 


32 


56 




0,5 


88 


69 




0.6 


46 


63 


5RI8y^ 


0.6 


25 


55 






<S 


43 



[00 5 61^1. 2J:0Jtffi^fiai<OJ^. iEtB-COU^ 
;Ph>'Sr^tfmiS?RSrfflV^;tJtl!S50!l2Oi©^. HjSJfeli 



[0057] 



mimwmmm^^vrB 3# i # 
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F^-A(##) 5H029 AJ02 AJ03 AK03 AL07 AM03 
mi AM05 AM07 BJ13 CJ02 
CJ08 CJ13 CJ22 CJ28 DJ16 
DJ17 EJll HJ02 HJ12 HJ13 
HJ14 

51050 AA02 AA08 BAIT CA07 CA08 
CA09 CB08 DA02 DA09 EA22 
FA04 FA17 FA19 GA02 GAIO 
GA13 GA22 GA27 HA02 HA13 
HA14 



